The aims of this analysis were to describe the clinical characteristics, management, and outcomes of patients hospitalized for acute decompensated heart failure (HF) with preserved systolic function (PSF). BACKGROUND Clinically meaningful characteristics of these patients have not been fully studied in a large database.
Patients living with heart failure (HF) experience approximately 1 million annual hospitalizations for HF (1) . About one-half of these hospitalizations may occur in patients who have HF with preserved systolic function (PSF), typically defined as symptomatic HF occurring in the setting of a measured left ventricular (LV) ejection fraction Ն40% (2, 3) .
Heart failure with PSF has not been studied as extensively as HF with systolic dysfunction. The limited data that are available in patients hospitalized for HF with PSF suggest that demographic characteristics, comorbidities, HF etiology, and pathology differ from those of patients with systolic dysfunction (2) (3) (4) (5) (6) . Patients with PSF are usually older, more often women, and more likely to be obese than those with systolic dysfunction (2) (3) (4) (5) (6) . In addition, patients with PSF typically have a left ventricle that is normal in size but has abnormal relaxation properties; in contrast, patients with systolic dysfunction usually have a left ventricle that is dilated but relaxes normally (5, 6) . Despite these differences, however, the clinical features of HF with PSF are similar to those of HF with systolic dysfunction and typically include evidence of volume overload, reduced exercise capacity, and impaired quality of life (3, 4) .
Important data are lacking regarding management, clinical outcomes, and predictors of in-hospital mortality for patients with HF and PSF. As a separate issue, renal dysfunction is an emerging risk factor for increased mortality and worsening HF in patients with systolic dysfunction, but similar data for patients with PSF are not available (7) (8) (9) (10) (11) . Expanding the database relating to HF with PSF is essential for designing truly relevant clinical investigations in the future.
The primary goals of the present analysis were to characterize the clinical features, management, and outcomes of patients hospitalized for HF with PSF and to identify clinically relevant differences in these parameters from the same measures in patients hospitalized for HF with systolic dysfunction. A large cohort of patients from the Acute Decompensated Heart Failure National Registry (ADHERE) database served as the source of clinical data.
METHODS
The ADHERE procedures and the patients' characteristics that the registry tracks have been previously described (12) . Briefly, medical records are retrospectively reviewed at participating sites by the research coordinator, and data from consecutive eligible male and female patients Ն18 years of age at the time of hospital admission are entered into the registry electronically (12) . These data include demographic information, medical history, baseline clinical characteristics, initial evaluation, treatment received, procedures performed, hospital course, and patient disposition. Importantly, registry participation does not require any alteration of treatment or hospital care, and entry of data into the registry is not contingent on the use of any particular therapeutic agent or treatment regimen. Institutional review board approval is required for all participating centers; however, informed consent of individuals is not required for registry entry (12) . In order to preserve patient confidentiality, direct patient identifiers are not collected. Registry entries thus reflect individual hospitalization events or "patient episodes," not individual patients, and multiple hospitalizations of the same patient may be entered into the registry as separate records. Longitudinal outcomes for each patient are not available. Statistical analyses. Data from the ADHERE database were used for retrospective analyses of clinical characteristics, treatments, and outcomes for patient episodes of HF with PSF (LV ejection fraction Ն40%) or systolic dysfunction (LV ejection fraction Ͻ40%), based on the availability of LV ejection fraction assessment during hospitalization. Univariate comparisons between different groups were performed using chi-square, analysis of variance, and Wilcoxon tests, as appropriate. Two-sided p values were reported. In addition, mortality in the two systolic function groups was compared using logistic regression adjusted for mortality risk factors (described in later text). The effect of renal insufficiency (defined as serum creatinine Ͼ2 mg/dl) on mortality was evaluated separately in the two systolic function groups using logistic regression. To address the confounding circumstance of multiple readmissions of the same patients, the mortality analysis was also performed in a subset of unique patients with a first admission for HF. The Hosmer-Lemeshow test and the area under the receiveroperator curve were used to assess the fit and the discrimination of the models, respectively. Unless otherwise noted, these analyses were performed using version 8.2 of SAS software (SAS Institute Inc., Cary, North Carolina). Mortality risk factors. Owing to anticipated differences in medical history and clinical characteristics at presentation between the two systolic function groups, it was important to adjust the mortality comparison for relevant prognostic factors. Because the number of collected characteristics was large and because certain data for some patient episodes were missing, a classification and regression tree (CART) analysis was used as a primary tool to identify key mortality predictors for all patient episodes with in-hospital LV ejection fraction assessments (13) . The CART analysis is a nonparametric statistical method based on recursive partitioning that creates a binary decision tree, with a split in each node identifying the optimal discrimination value for a specified outcome variable. Patient episodes with missing data for a given predictor variable were included in the analysis using surrogate variables with information similar to that contained in the primary splitter variable. The tree was constrained to have at least 1,000 patient episodes in the parent nodes and at least 500 patient episodes in the final nodes, and its predictive ability was assessed using 10-fold cross-validation. The analysis was implemented using version 5.0 of CART software developed by Salford Systems (San Diego, California).
Of almost 80 demographic, medical history, and initial evaluation variables collected in the ADHERE database, 51 variables satisfied predetermined criteria of no more than 5% missing and at least 2% event frequency (for dichotomous variables). Findings from the CART analyses were supported by multiple logistic regression analysis based on complete cases.
RESULTS
As of January 2004, the ADHERE database included 105,388 patient admissions for HF at 274 centers. Left ventricular ejection fraction was quantitatively determined during hospitalization in 52,187 (49.52%) of these admissions. In this population, 26,322 admissions (50.4%) presented with PSF.
In the remaining patient hospitalizations (n ϭ 53,201), qualitative assessment of in-hospital LV ejection fraction (normal, mild, moderate, or severe impairment) was available in 7,594 cases (14.3%), with no information about in-hospital LV ejection fraction in the remaining 45,607 patient admissions. The measurement of LV ejection fraction in the group with qualitative LV ejection fraction assessment demonstrated the presence of intact systolic function in 71% of patient episodes. Descriptive data on this group are very similar to the PSF group. The data regarding the group without an in-hospital assessment of LV ejection fraction are clinically distinct and reflect an apparent higher risk profile. These data are shown in the tables, but are not the focus of this manuscript. Demographics and clinical characteristics. Demographics and characteristics of the past medical history for patient episodes of HF with PSF are shown in Table 1 . These episodes were characterized by advanced age, predominance of female gender, and a lower proportion of African Americans. More than 90% of patient episodes with PSF had a history of hypertension, coronary artery disease, or diabetes. Additionally, a prior history of HF was present in almost two-thirds of patient episodes with PSF, and a history of a prior myocardial infarction was present in 24%. Clinical presentation. Clinical characteristics of patient episodes of HF with PSF at presentation are shown in Table 2 . Episodes of HF with PSF were associated with a generally higher systolic BP, resulting in a higher rate of systolic hypertension (systolic BP Ͼ140 mm Hg) and a lower rate of hypotension (systolic BP Յ90 mm Hg). In addition, heart rate was lower and atrial fibrillation and peripheral edema occurred more often. The frequency of dyspnea at rest and parameters of renal function were similar for both groups. Management. Before hospitalization, approximately twothirds of patient episodes of HF with PSF were treated with diuretics ( Table 3 ). The use of an ACE inhibitor or an ARB, use of digoxin, and use of spironolactone occurred less often in patient episodes with PSF compared with those with systolic dysfunction. Conversely, beta-blocker use was slightly higher in patient episodes with PSF compared with those with systolic dysfunction.
During hospitalization, the use of oral therapies for HF increased relative to the before-hospitalization period in both groups, but more so for patient episodes with systolic (Tables 3 and 4 ). With the exception of ARBs, all oral medications were used significantly less often during patient episodes with PSF (Table 4) . Furthermore, the difference in the use of these agents became greater during hospitalization (Tables 3 and 4) . For example, the use of an ACE inhibitor in patients without diabetes increased by 73% in patient episodes with PSF, compared with 82% in patient episodes with systolic dysfunction. Whereas the use of intravenous diuretics during hospitalization was high in patient episodes with PSF, parenteral vasodilators, nesiritide, and inotropes were used infrequently and significantly less often than in patient episodes with systolic dysfunction (Table 4) .
The pattern of use of oral therapy for HF at discharge (Table 5 ) was similar to that reported before (Table 3 ) and during hospitalization (Table 4) . Diuretic use remained high in both groups, whereas the use of ACE inhibitors or ARBs, use of beta-blockers, use of digoxin, and use of spironolactone was lower for patient episodes of HF with PSF.
Outcomes during hospitalization.
Clinical outcomes during hospitalization are shown in Table 6 . In-hospital mortality was significantly lower for patient episodes of HF with PSF compared with episodes with systolic dysfunction. Length of stay in the two groups was similar, but the need for intensive care unit management was significantly lower in patient episodes of HF with PSF. The proportion of patients losing weight during hospitalization and the proportion discharged with persistent symptomatic HF of mild-tomoderate severity was similar in both groups. Adjusted mortality analysis. On the basis of data from all patient episodes with quantitative in-hospital LV ejection fraction assessments, CART analysis identified elevated BUN, lower systolic BP, low sodium, older age, elevated creatinine, presence of dyspnea at rest, and absence of chronic beta-blocker use as mortality risk factors. Among these variables, the two main contributors to higher mortality (the top splits in the tree) were BUN Ͼ37 mg/dl and systolic BP Յ125 mm Hg. When the CART analysis was carried out in the PSF and 
systolic dysfunction groups separately, elevated BUN and lower systolic BP were confirmed as the most important mortality predictors within each group. In addition, increased heart rate was identified as a mortality predictor in patient episodes of HF with PSF, but not in patient episodes of HF with systolic dysfunction. Multivariate odds ratios (ORs) and corresponding 95% confidence intervals (CIs) for in-hospital death are reported for each of the mortality risk factors previously identified by the CART model (Table 7 ). The CART analysis in patients with new-onset HF identified the same mortality risk factors (elevated BUN, low systolic BP, low serum sodium concentration, and advanced age) as in all patient episodes with quantitative in-hospital LV ejection fraction assessment. Moreover, these findings were supported by multiple logistic regression analyses (data not shown). Because heart rate was selected as a mortality risk factor in several CART and logistic regression models, it was added to the final list of adjustments, which included BUN, systolic BP, sodium, age, creatinine, heart rate, dyspnea at rest, and chronic betablocker use. Because adding second-order interaction terms increased the predictive power of the model (as determined by the area under the receiver-operator curve) by only 1%, these terms were not included in the final model. Whereas the adjustment for gender and race (percent African American) did not affect the mortality difference between the PSF and systolic dysfunction groups (unadjusted OR: 0.70; 95% CI: 0.64 to 0.77; p Ͻ 0.0001; and OR after adjustment for gender and race: 0.68; 95% CI: 0.61 to 0.75; p Ͻ 0.0001), the adjustment for gender, race, and eight mortality risk factors reduced the magnitude of mortality difference (adjusted OR: 0.86; 95% CI: 0.77 to 0.96; p ϭ 0.005). However, it remained statistically significant. The Hosmer-Lemeshow test was not significant (p ϭ 0.16), and the area under the receiver-operator curve was 0.76, indicating that the final adjusted model provides an adequate fit and a high degree of discrimination. Thus, the mortality differences between the two systolic function groups are real and are not accounted for by known risk factors. Similar results were obtained in the subset of patients with new-onset HF (9,758 patients with PSF vs. 7,204 patients with systolic dysfunction): after adjustment for gender, race, and eight risk factors, the mortality OR for PSF versus systolic dysfunction increased (unadjusted OR: 0.68; 95% CI: 0.56 to 0.83; p ϭ 0.0001; and adjusted OR: 0.79; 95% CI: 0.63 to 0.98; p ϭ 0.03), but remained statistically significant.
Patient episodes with renal insufficiency (serum creatinine Ͼ2 mg/dl) had significantly greater in-hospital mortality regardless of LV function both before and after adjusting for gender, race, and mortality risk factors (Table 8) .
DISCUSSION
This analysis of the ADHERE database, which involved more than 25,000 patient episodes of HF with PSF, represents the largest clinical evaluation of this population to date. Data from the ADHERE database confirm findings of previous smaller studies and provide new insights into patient episodes of HF with PSF. The ADHERE database clearly indicates that PSF is associated with onehalf of all hospitalizations for HF. As noted before, patients admitted with HF and PSF are typically older and more likely to be women. Our data now provide additional demographics and clinical characteristics and further describe the clinical presentation of this disorder. Observed differences in treatment between the PSF and systolic dysfunction groups reflect a lack of evidence-based strategies for management of HF with PSF. However, even when such strategies exist, as in HF with systolic dysfunction, they may be infrequently followed; only 71% of patients with systolic dysfunction in this evaluation were prescribed an ACE inhibitor or ARB at hospital discharge. We have demonstrated that the risk of in-hospital death is lower for patient episodes of HF with PSF, but all other clinically important outcomes are similar. Importantly, in-hospital mortality risk factors are virtually identical for both systolic function groups with elevated BUN and lower systolic BP, the two most important predictors of inhospital mortality. Apart from age and gender, the other clinically relevant differences between patient episodes of HF with PSF and with systolic dysfunction were the lower rate of prior myocardial infarction and the higher rate of systolic hypertension in the PSF group. Rales, peripheral edema, and a history of HF were common in both groups. It is quite notable to observe the similarity of presentation characteristics for patients with HF and either PSF or systolic dysfunction. The use of bedside clinical assessment may not be adequate to determine underlying ventricular function in the setting of decompensated HF.
Consistent with the similarity in presentation and treatment, the hospital course of patient episodes of HF with either PSF or systolic dysfunction is also quite similar. The length of stay is almost identical, and a similar proportion of patient episodes are discharged with persistent symptoms. Approximately 70% of the patients in both systolic function groups were discharged with weight loss of Ͻ10 lbs, despite evidence of congestion at presentation. This high rate of seemingly ineffective therapy and persistent symptomatology is of concern and indicates an opportunity to improve the quality of care. Given the presence of volume overload (e.g., rales and peripheral edema are found in nearly 70% of patient episodes of HF with PSF), a reasonable target of acute therapy might be more effective volume reduction.
Although the use of oral neurohormonal blocking agents increased during hospitalization and at discharge, these therapies were used significantly less often in patient episodes of HF with PSF. Similar patterns of medication use were documented in previous studies of patients hospitalized for HF with PSF (2,3,6) .
Among parenteral medications, diuretics were used in the vast majority of admissions in both systolic function groups. The use of intravenous vasoactive therapies was low, particularly in patient episodes with PSF. The use of vasodilators and nesiritide was significantly lower in the PSF group (vs. the systolic dysfunction group). The observed use of inotropes is inexplicable given the known mortality risks associated with these agents, the absence of a reasonable indication for use (i.e., cardiogenic shock or impending cardiogenic shock), and the extremely low rate of frank hypotension in patient episodes of HF with PSF (14 -16).
It is apparent that evidence-based therapies for chronic HF with systolic dysfunction are frequently used in patients with PSF without data to substantiate the efficacy of this approach. In some cases, these medications may have been used to manage comorbidities such as hypertension, coronary artery disease, and diabetes (which are present with high frequency in this patient population). Nevertheless, clinical trials evaluating the impact of these therapies in patients with HF and PSF are clearly needed.
The data from the Candesartan in Heart Failure: Assessment of Reduction in Mortality and Morbidity (CHARM)-Preserved trial would suggest at least a modest morbidity benefit associated with chronic use of the ARB candesartan in patients with PSF (17) . The ongoing Irbesartan in Heart Failure with Preserved Systolic Function trial is evaluating the ARB irbesartan in a similar patient population. In the ADHERE database, fewer than 16% of patient episodes with documented HF and PSF were treated with an ARB before, during, and after hospitalization, but this may change as the benefit of ARBs is more definitively established.
There may be reasonable arguments to support the use of beta-blockers in patients presenting with HF and PSF (e.g., clinical benefits in hypertension and ischemic heart disease, a reduction in heart rate with a corresponding increase in the diastolic filling period, the relief of ischemia with an improvement in compliance, the reduction in sympathetic activation, and regression of ventricular hypertrophy), but there have been no published clinical trials to date of beta-blockers in this setting (18, 19) . Interestingly, our dataset suggests an increased mortality risk associated with an absence of chronic beta-blocker use in HF with PSF.
Aldosterone antagonists have a protean cardiovascular profile. Among the many described benefits of aldosterone antagonism is selective targeting of the extracellular matrix, which may improve ventricular compliance by retarding collagen deposition and reducing fibrosis (20, 21) . Available data indicate that aldosterone antagonists promote regression of ventricular hypertrophy and reduce the incidence of sudden cardiac death in patients with LV dysfunction, but no data have yet been acquired specifically in the setting of HF with PSF (22-24). Within the Digitalis Investigation Group trial, the use of digoxin was associated with an improvement in clinical outcomes in the subset of patients with HF and PSF. Explanations for this benefit are incompletely resolved (25) .
Natriuretic peptides have been shown to exert positive lusitropic effects and are indicated in the management of patients with acute decompensated HF (26, 27) . Within the Vasodilatation in the Management of Acute CHF (VMAC) trial, nearly 15% of acutely symptomatic patients had HF with PSF (26) . For each time point of data collection within the 3-h primary end point period, nesiritide led to a greater decrease in pulmonary capillary wedge pressure than either nitrates or placebo (26) .
Previous studies have established that patients with HF and PSF are at risk for adverse clinical outcomes. In a population-based study, mortality risk of HF patients with PSF was four-fold greater than that of age-and gendermatched controls without HF (28) . Similar findings were recently reported for subjects with diastolic dysfunction but without HF (29) . In a recent study of 170 patients with HF, high rates of mortality and hospital readmission (during a mean follow-up of 2.4 years) were evident both in patients with LV ejection fraction Ͻ40% and in those with LV ejection fraction Ն40%, without significant differences between the groups (6) . Consistent with the results of these earlier studies, the present analysis of the ADHERE database also demonstrates worrisome event rates for HF with PSF which, albeit lower than for HF with systolic dysfunction, do raise concerns and point out the lack of effective management strategies for HF with PSF.
Renal insufficiency contributes to increased mortality in patients with HF. The in-hospital mortality rates in the PSF and systolic dysfunction groups (2.8% and 3.9%, respectively) are further increased in patients with baseline serum creatinine Ͼ2.0 mg/dl (4.8% and 8.4%, respectively). Thus, renal insufficiency is a clear risk factor for in-hospital mortality, regardless of LV function.
A unique contribution of this study is identification of mortality predictors using the ADHERE database. Classification and regression tree analysis for all patients with a quantitative in-hospital assessment of LV ejection fraction identified seven variables that were predictive of in-hospital mortality. Among these variables, elevated BUN (Ͼ37 mg/dl) and lower systolic BP (Ͻ125 mm Hg) were determined to be the strongest multivariate predictors of mortality in the overall cohort of patient admissions for HF with quantitative in-hospital assessment of LV ejection fraction (including both PSF and systolic dysfunction). These findings are consistent with our previously reported mortality risk assessment for acute decompensated HF, but vary slightly because the analysis was restricted to those with quantitative in-hospital assessment of LV ejection fraction (30) . Elevated BUN or reduced systolic BP were both associated with a Ͼ2-fold increase in in-hospital mortality. Other mortality predictors included elevated serum creatinine, low serum sodium, increasing age, dyspnea at rest, and an absence of chronic beta-blocker use in both systolic function groups. Increased heart rate, on the other hand, was a risk factor for mortality in patient episodes of HF with PSF, but not in admissions for HF with systolic dysfunction. The prognostic value of mortality predictors in patient episodes with HF and quantitative in-hospital LV ejection fraction assessment also is evident for primary admissions for HF, suggesting that the data are broadly applicable and are not confounded by multiple readmissions in high-risk patients. Study limitations. The ADHERE database is not a clinical trial but a registry. As such, there are no treatment requirements, randomization, or longitudinal follow-up. Because no patient identifiers are collected, patients may be entered in the registry more than once, and after-discharge patient status cannot be assessed. The data are observational, and the analysis is retrospective. In addition, the results may be influenced by assessment and treatment regimens that are not standardized and vary by institution. The data presented apply to those patients with a recent measurement of LV function, as the patient cohort without an in-hospital assessment of LV ejection fraction differs from the primary cohort of patients with a measured LV ejection fraction. Therefore, these data should not be extrapolated to patients without a recent measurement of LV ejection fraction. Conclusions. This analysis from the ADHERE database further describes HF with PSF, especially in the context of acute decompensation necessitating hospitalization. The profile of a patient presenting to the hospital with HF and PSF is now well characterized. Presentation and initial management for HF with either PSF or systolic dysfunction are quite similar. However, evidence-based treatment strategies for HF with PSF are much less well established. The ADHERE database demonstrates significant in-hospital mortality of patients with HF, regardless of LV function. Patient episodes of HF with PSF, however, are associated with lower in-hospital mortality than are episodes of HF with systolic dysfunction. Several variables appear to predict an increased risk of death, most notably BUN Ͼ37 mg/dl and systolic BP Ͻ125 mm Hg. The mortality rates in both the PSF and systolic dysfunction groups were increased in the presence of impaired renal function (serum Cr Ͼ2 mg/dl). It is apparent that the adverse outcomes are driven, at least in part, by the lack of evidence-based treatment algorithms. The role of parenteral therapies in the management of patients with HF and PSF clearly requires further investigation. Newer therapies that alleviate symptoms and improve outcomes are needed for acute decompensated HF, irrespective of LV function.
